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Objectives. To evaluate short- and long-term outcome after open repair for ruptured and non-ruptured abdominal aortic
aneurysm (AAA) with special emphasis on the difference between men and women.
Design. Single center retrospective study. Time and cause of death were determined from hospital charts, the National
Bureau of Statistics and the Department for National Health and Welfare.
Materials. Eight hundred and forty-six patients were followed-up, 597 were operated on for non-ruptured and 249 for
ruptured aneurysms.
Methods. Case fatality was analyzed by multiple logistic regression considering year of surgery, age at surgery, and gender
as covariates. The mortality rate for patients surviving 60 days after surgery was compared with the mortality in the general
population by calculating the standardised mortality ratio (SMR). Mortality was also stratified according to gender and
type of surgery.
Results. The SMR for patients surviving 60 days after surgery was significantly increased. SMR was significantly higher
for women than for men. There was no statistically significant difference in SMR between patients operated for rupture
compared to those operated for non-ruptured aneurysms.
Conclusions.Women with AAA have a poorer outcome than women in the general population. This finding may relate to
the large number of risk factors present in this patient sub-group.
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Introduction
Knowledge about the long term outcome after open
surgery for abdominal aortic aneurysms (AAA) is
important since it serves as a comparison for newer
strategies such as endovascular aneurysm repair
(EVAR) and screening. Several studies on the long-
term outcome after surgery for AAA have been
published, but most use crude mortality, rather than
standardised or relative mortality ratios.1 Some
studies have suggested that the outcome after
successful surgery is similar to that in control
populations.2,3 Patients with AAA have a high
incidence of atherosclerotic disease.4 It is possible
that survival in this patient group will be improved
by modern treatment of atherosclerotic disease,
including coronary artery bypass grafting, treatment
with statins and effective treatment for hypertension,
but this remains to be shown. In recent years it has
been suggested that the survival of patients after
successful repair of AAA is worse than that for the
control population, at least for patients undergoing
elective surgery.5
A few studies have addressed the issue whether
long term survival differs between men and women.
Some have found no such difference.6 Given the fact
that women have a longer expected life time,
standardised mortality ratios (SMR) have to be used
in order to detect such a difference, a method which
has not been widely used in previous studies. It has
been suggested that women with AAA have a greater
cardiovascular co-morbidity than men.5 If so this
could affect their long term survival after surgery for
AAA.
The purpose of the present study was to evaluate
short- and long-term outcome after open repair for
ruptured and non-ruptured AAA in a single tertiary
referral centre, with special emphasis on the difference
between men and women.
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Materials and Methods
Patients
Eight hundred and forty-six consecutive patients,
695 men and 151 women with a mean age of 71
years (44–93) operated between 1981 and 2000 at the
department of surgery/vascular surgery, Karolinska
Hospital were followed up. The time and cause of
death was determined from the hospital charts, the
National Bureau of Statistics and the Department for
National Health and Welfare. Patients undergoing
endovascular repair were excluded. Mortality at 60
days was used for in hospital surgically related
mortality for reasons given below. Five hundred and
ninety-seven patients were operated for non-ruptured
aneurysms, 488 men with a mean age of 70 years (SD
7.0) and 109 women with a mean age of 71 years (SD
6.4). The mean follow-up for patients surviving 60
days after surgery was 74 months (S.D. 52) for men
and 75 months (S.D. 53) for women. Two hundred
and forty-nine patients were operated for ruptured
aneurysms, 207 men with a mean age of 71 years
(S.D. 8.4) and 42 women with a mean age of 77 years
(S.D. 6.6). The mean follow-up for survivors at post-
operative day 60 was 64 months (S.D. 46) for men and
59 months (S.D. 42) for women. A summary of the
patient material is presented in Table 1.
Statistics
The statistical analyses in this paper focus primarily on
the long-term mortality after surgery. This was defined
as deaths occurring 60 days after the date of operation.
The reason for using 60 days after surgery was that
deaths recorded between day 30 and 60 were always
related to the surgical procedure and occurred when
the patient was still in hospital although not neces-
sarily in the surgical ward. Thus 60 days mortality
truly reflects surgically related in hospital mortality.
The mortality in the operated cohort was compared
with the expected number of deaths in the general
population having the same structure with respect to
age, gender and birth year cohort. The expected
number of deaths was obtained by multiplying the
numbers of person-years at risk with the age, gender
and calendar year-specific mortality rates in the
general population. Mortality rates, obtained from
the National Bureau of Statistics, were available up to
year 2000 and, therefore, the rates for year 2000 were
used for the follow-up during 2001. The SMR was
calculated as the ratio between observed and expected
number of deaths, and represents an estimate of the
relative survival.7 These analyses were performed on
data stratified on type of surgery, gender, age at
surgery and calendar time at surgery. Furthermore, the
SMR was also calculated as a function of time since
surgery. The reason for choosing this analysis method
was that it adjusts for underlying differences in
mortality with respect to attained age, gender and
calendar time. Particularly, it also facilitates compari-
sons with respect to gender, where this method takes
the underlying differences in mortality between males
and females into account, in contrast to a Cox-
regression model. Statistical comparisons of SMR’s
and calculations of their 95% confidence interval (CI)
were based on the assumption that the number of
deaths followed a Poisson distribution.8 Calculations
of confidence intervals for ratios of excess mortality,
defined as SMR-1, were based on standard errors
calculated by error propagation using Gauss’ approxi-
mation. Survival curves were calculated according to
the Kaplan–Meier method.
The short-term mortality was defined as number of
deaths within 60 days after surgery. Crude figures of
fractions of patients dying within this time period are
presented. Furthermore, confirmatory multiple logis-
tic regression models were fitted to this dichotomous
outcome, including the following covariates: age at
surgery, calendar year of surgery, gender and mode
of surgery, categorised as shown in Table 1. The
statistical analyses were performed using the Statisti-
cal Analysis System (SASw) package.
Results
Standardised mortality ratios
The SMR for patients surviving after 60 days was
significantly higher compared to the control popu-
Table 1. Summary of patient material
No rupture Rupture
Year of surgery 1981–85 119 48
1986–90 139 54
1991–95 168 74
1996–00 171 73
Age at surgery 259 44 16
60–69 217 72
70–79 295 116
80 þ 41 45
Mode of surgery Acute 80 249
Elective 517 –
Gender Male 488 207
Female 109 42
Total 597 249
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lation. This was the case in the total material as well as
in subgroups based on gender and indication for
surgery ðp , 0:001Þ (Table 2).
The excess mortality, i.e. SMR-1, was 75% (95% CI:
6–187%) higher for females than for males ðp ¼ 0:03Þ:
The estimated difference is similar for both ruptured
and non-ruptured AAA but not statistically significant
in each group separately. There was no statistically
significant difference in SMR for patients operated
for ruptured and non-ruptured aneurysms. The
patients operated for ruptured AAA had a 16% (95%
CI:234–105%) higher excess mortality ðp ¼ 0:60Þ: The
main causes of death are shown in Table 3. As shown
in the table the relative proportions of deaths due to
cardiovascular disease was slightly higher among
women compared to men.
The SMR decreased with age and was significantly
higher for patients operated before the age of 60
compared to those who were over 80 years of age at
the time of surgery (Table 4). After 10 years 40% of the
men and 37% of the women operated on for non-
ruptured aneurysms were alive. The survival curve for
men was similar to that of women despite an expected
longer survival time for women. This is explained by
the higher SMR for women. For those operated on
for ruptured AAA, 28% of the men and 22% of the
women were alive after 5 years. Figs. 1 and 2 show the
survival for men and women surviving 60 days after
surgery.
In hospital mortality
The 30- and 60-day mortalities are summarised in
Table 5. The latter includes all surgically related deaths
occurring in hospital. The mortality for patients
operated acutely without rupture was two times
higher than for those operated electively. There was
a slight but non-significant difference between men
and women, 6.9% vs 9.1% at 30 days and 8.6% vs 10.1%
at 60 days for non-ruptured AAA. The perioperative
mortality for all non-ruptured cases was higher during
the 80’s as compared to the 90’s, 8.9% vs 6.2% at 30
days and 10% vs 7.7% at 60 days. Mortality at 60 days
for patients operated before the age of 60 was lower
(2.3%) than for the whole group of patients operated
without rupture.
There was no significant difference between men
and women among patients operated for ruptured
AAA. Neither was there any difference in 30- or 60-day
mortality between those operated during the 80’s as
compared to those operated during the 90’s. The above
findings for both ruptured and non-ruptured AAA
were also confirmed by multiple logistic regression
analyses (results not shown).
Discussion
During the last decades of the previous century
several reports have described the long term outcome
after surgery for AAA.1 Previously this issue received
Table 2. Standardisedmortality ratio (SMR)with 95% confidence intervals and the observed number of deaths with respect to gender and
type of surgery for 649 patients surviving 60 days after surgery
Type Males Females Total
Patients/deaths SMR (95% CI) Patients/deaths SMR (95% CI) Patients/deaths SMR (95% CI)
No rupture 446/240 1.73 (1.52–1.96) 97/57 2.38 (1.80–3.08) 543/297 1.82 (1.62–2.04)*
Rupture 92/55 1.94 (1.46–2.53) 14/8 3.18 (0.89–4.07) 106/63 1.96 (1.50–2.51)*
Total 538/295 1.76 (1.57–1.98)* 111/65 2.33 (1.80–2.97)* 649/360 1.84 (1.66–2.05)*
*p , 0:001 compared to the normal population.
Table 3. Causes of death among 360 patients surviving 60 days and
dying during follow-up, absolute numbers and (%)
Causes of death Men Women Total
Cardiovascular 184 (62%) 44 (68%) 228 (63%)
Malignancies 54 (18%) 9 (14%) 63 (18%)
Other 57 (19%) 12 (18%) 69 (19%)
Total 295 (100%) 65 (100%) 360 (100%) Fig. 1. Cumulative survival for men and women surviving 60
days after operation for non-ruptured aneurysms.
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relatively little attention as compared to the study of
long-term survival after surgery for malignancy. When
comparison is made with newer treatment modalities
such as EVAR and screening for AAA it is important to
carefully evaluate the long-term outcome after open
surgery for AAA. In order to do so SMR has to be used.
This implies that the survival of the patients is
compared to the expected survival in the general
population, matching for age and sex.
In the total material presented here SMR was signi-
ficantly higher compared to the general population.
For patients operated on for non-ruptured aneurysms
the decreased late survival compared to a control
population is in accordance with previous reports.9 – 12
Patients with AAA have a more severe cardio-vascular
risk profile,4 which is the probable cause for their
decreased life expectancy. Whether atherosclerosis is
an integral part of aneurysm development or whether
it is found in patients with AAA without being the
primary cause, is at present an open question. A
common cause for both diseases may be smoking.
One of the main findings in the present study is that
the longer survival for women in the general popu-
lation was not reflected by a longer survival for those
undergoing surgery for AAA. Women operated for
AAA had a higher SMR and thus a shorter survival
when compared to the age matched general popu-
lation and their excess mortality was significantly
higher than for men. Previous reports have indicated
that there is no difference in the long term survival
when comparing men and women.11 As suggested by
Norman et al.5 SMRs have to be used in order to make
a proper comparison. These authors raise the suspi-
cion that women have a less favourable long term
outcome and the present study confirms this. Since the
main cause of death is related to cardiovascular
(atherosclerotic) disease it must be suspected that
women have a more severe expression of athero-
sclerotic disease. As suggested by Johnston, women
with AAA are also more likely to have family
members with this disease.13 It could be speculated
that in order for a woman to get an aneurysm higher
and/or stronger expression of risk factors have to be
present and this may also influence survival.
The SMR for patients surviving 60 days after
rupture was significantly increased compared to the
control population and similar to those operated for
non-ruptured aneurysms. It has been speculated that
only the fittest patients leave hospital after surgery for
ruptured AAA and, therefore, crude survival at five
years is similar to that of a matched population.2,3,5,9
The present study contradicts this, which is supported
by two recent reports.14,15 In contrast, however,
Norman et al. report a relative survival similar to the
general population for this group.5 The discrepancy
between the latter study and ours may be due to
different selection criteria. In the present material an
‘all comers policy’ was adopted, but in the study of
Norman a more restrictive attitude towards surgery
for ruptured aneurysms is reported.16 If only the fittest
patients are selected for surgery, this will influence not
only short term but also long term survival.
There was a clear difference between survival at 30
and 60 days. This should be remembered when
Table 4. Standardised mortality ratio (SMR) with 95% confidence intervals and the observed number of deaths with respect to age at
surgery for 649 patients surviving 60 days after surgery
Age at surgery Number of patients Observed deaths SMR (95% CI)
259 51 21 3.81 (2.36–5.83)
60–69 236 134 2.64 (2.21–3.12)
70–79 315 179 1.67 (1.43–1.93)
80þ 47 26 0.83 (0.54–1.21)
Fig. 2. Cumulative survival for men and women surviving 60
days after operation for ruptured aneurysms.
Table 5. Mortality at 30 and 60 days for different categories of
patients
30 days (%) 60 days (%)
All non-ruptured AAA 7.3 8.9
Elective operations 6.6 7.9
Acute non-ruptured 14 15
Ruptured AAA 51 57
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evaluating other reports and data from registries.
Patients who are lost to follow up tend to have a less
favourable outcome. Since the follow up in this
material was close to complete also such patients
were recorded. Thus if postoperative survival is
evaluated by 30-day mortality it will underestimate
postoperative mortality in the case of AAA. The total
mortality in the present material is comparable, but in
the higher range of materials reported earlier as
reviewed by Norman et al.1 Interestingly this review
records 30-day mortality as postoperative mortality.
Patients who presented with an AAA at a younger
age had a more pronounced increase of SMR,
indicating that younger patients have a more severe
risk factor profile compared to their age matched
control population. The influence of age at operation
on SMR should, however, be viewed with caution. To
some extent it could be explained by competing risk. A
younger control population has a lower risk of dying
and individuals with disease, therefore, tend to have a
higher SMR. Conversely for an older patient group the
age matched general population has a high risk of
dying and this competing risk could explain the low
SMR in the older patient group. Patients aged more
than 80 years are probably carefully selected which
will influence their survival. Irrespective of these
arguments the older age group in this material had a
clear benefit from their operation and the youngest age
group had a higher risk of dying than their controls.
The prevalence of AAA is 5–6 times as high in men
compared to women.17,18 Rupture, however, is only
three times as common.19,20 In the present study the
ratio between patients operated for ruptured and non-
ruptured AAA was the same, five times as many men
as women underwent surgery in both groups. The
women, however, were older in accordance with
previous reports.16 These authors also reported a
lower operation rate for women experiencing rupture
and also a higher total mortality after rupture. We
could not observe a different surgical mortality in
women as compared to men, even though the women
were older at the time of surgery.
References
1 Norman PE, Semmens JB, Lawrence-Brown MM. Long-term
relative survival following surgery for abdominal aortic aneur-
ysm: a review. Cardiovasc Surg 2001; 9(3):219–224.
2 Olsen PS, Schroeder T, Agerskov K, Roder O, Sorensen S,
PerkoM et al. Surgery for abdominal aortic aneurysms. A survey
of 656 patients. J Cardiovasc Surg (Torino) 1991; 32(5):636–642.
3 Stonebridge PA, CallamMJ, Bradbury AW, Murie JA, Jenkins
AM, Ruckley CV. Comparison of long-term survival after
successful repair of ruptured and non-ruptured abdominal aortic
aneurysm. Br J Surg 1993; 80(5):585–586.
4 Pleumeekers HJ, Hoes AW, van der Does E, van Urk H,
Hofman A, de Jong PT et al. Aneurysms of the abdominal aorta
in older adults. The Rotterdam Study. Am J Epidemiol 1995;
142(12):1291–1299.
5 Norman PE, Semmens JB, Lawrence-BrownMM, HolmanCD.
Long term relative survival after surgery for abdominal aortic
aneurysm in western Australia: population based study. BMJ
1998; 317(7162):852–856.
6 Soisalon-Soininen S, Salo JA, Takkunen O, Mattila S.
Comparison of long-term survival after repair of ruptured and
non-ruptured abdominal aortic aneurysm. Vasa 1995; 24(1):
42–48.
7 BreslowNE, Day NE. The design and analysis of cohort studies.
Statistical methods in cancer research. Lyon: IARC Sci Publication,
1987: 1–406.
8 Bailar JC, Ederer F. Significance factors for the ratio of a Poisson
variable to its expectation. Biometrics 1964; 20:639–643.
9 Aune S, Amundsen SR, Evjensvold J, Trippestad A. Operative
mortality and long-term relative survival of patients operated on
for asymptomatic abdominal aortic aneurysm. Eur J Vasc
Endovasc Surg 1995; 9(3):293–298.
10 Batt M, Staccini P, Pittaluga P, Ferrari E, Hassen-Khodja R,
Declemy S. Late survival after abdominal aortic aneurysm repair.
Eur J Vasc Endovasc Surg 1999; 17(4):338–342.
11 Johnston KW. Nonruptured abdominal aortic aneurysm: six-
year follow-up results from the multicenter prospective Cana-
dian aneurysm study. Canadian Society for Vascular Surgery
Aneurysm Study Group. J Vasc Surg 1994; 20(2):163–170.
12 Koskas F, Kieffer E. Long-term survival after elective repair of
infrarenal abdominal aortic aneurysm: results of a prospective
multicentric study. Association for Academic Research in
Vascular Surgery (AURC). Ann Vasc Surg 1997; 11(5):473–481.
13 Johnston KW. Influence of sex on the results of abdominal aortic
aneurysm repair. Canadian Society for Vascular Surgery Aneur-
ysm Study Group. J Vasc Surg 1994; 20(6):914–923. discussion
923–926.
14 Cho JS, Gloviczki P, Martelli E, Harmsen WS, Landis ME,
Cherry Jr KJ et al. Long-term survival and late complications
after repair of ruptured abdominal aortic aneurysms. J Vasc Surg
1998; 27(5):813–819 (discussion 819–820).
15 Johnston KW. Ruptured abdominal aortic aneurysm: six-year
follow-up results of a multicenter prospective study. Canadian
Society for Vascular Surgery Aneurysm Study Group. J Vasc Surg
1994; 19(5):888–900.
16 Semmens JB, Norman PE, Lawrence-BrownMM, HolmanCD.
Influence of gender on outcome from ruptured abdominal aortic
aneurysm. Br J Surg 2000; 87(2):191–194.
17 Scott RA, Bridgewater SG, Ashton HA. Randomized clinical
trial of screening for abdominal aortic aneurysm in women. Br J
Surg 2002; 89(3):283–285.
18 The UK Small Aneurysm Trial, Mortality results for randomised
controlled trial of early elective surgery of ultrasonographic
surveillance for small abdominal aortic aneurysms. Lancet 1998;
352:1649–1655.
19 Fowkes FG,Macintyre CC, Ruckley CV. Increasing incidence of
aortic aneurysms in England and Wales. BMJ 1989; 298(6665):
33–35.
20 McFarlane MJ. The epidemiologic necropsy for abdominal
aortic aneurysm. JAMA 1991; 265(16):2085–2088.
Accepted 12 February 2004
Available online 19 March 2004
Outcome after Abdominal Aortic Aneurysm Repair 51
Eur J Vasc Endovasc Surg Vol 28, July 2004
